Abstract. The Schur complex L^</> has proved useful in studying resolutions of determinantal ideals, both in characteristic zero and in a characteristic-free setting. We show here that in every characteristic, Liy^ is isomorphic, up to a filtration, to a sum of Schur complexes 5Z" y{Xjp.; v]Lv<f>, where y{X/p.; v) is the usual Littlewood-Richardson coefficient. This generalizes a well-known direct sum decomposition of Liy^ in characteristic zero.
Introduction
Let F and G be finitely generated free R-modules of ranks m and n, respectively, and <p: G -> F be an R-module homomorphism. To every skew shape k/p, associate the Schur complex of q> of shape k/p, as defined in [2] and denoted by f-x/nV • It is well known that if R contains a copy of the rationals, then Lx/P<p is isomorphic to Y,v7(k/p; v)Lvtp, where Lv<p is the Schur complex associated to the shape v and 7(k/p ;v) is the ordinary Littlewood-Richardson coefficient. In this paper, we construct a universal (= independent of the ring R) filtration of L^p , whose associated graded object precisely coincides with Y^v Yi^/f1! v^v<p .
One should remark that the above can be applied to all complexes L^,^ ® L^/jjjP®-• •®f'X,ifi,(p, which are further instances of Schur complexes associated to skew shapes.
The techniques used in the construction are those introduced in the author's thesis, Brandeis University, 1984 (largely reproduced in [4] ), and successfully exploited in [5, 3, 6] . In fact, all the results contained in these four papers can be obtained as corollaries of the result for ~Lx/n<P ■ One expects the universal filtration of L^p to assist in solving some problems akin to those which originated the notion of Schur complex (cf. [1, 7, 9] , etc.). For instance, such a filtration is an ingredient for the study of the homology of the complex introduced in [11] .
It has to be pointed out that in the very special cases when p = (t) and p = (V),a universal filtration for L^/^ has been already described in [8] but in a way which is of little help to us here. (In fact, in his thesis, written before [8] , Ko believed to have the description of a universal filtration for every Schur complex, but there were some errors.)
Notation and basic facts are freely borrowed from [2] .
Preliminaries
We closely follow the strategy outlined in [5, §2] . We first define an auxiliary free R-module H; namely, we set H -Rs, where s = p\ (the length of the first row of p). We then call y/ the composite morphism G ±* F ^ F ® H.
Choose ordered bases Y = {y\, ... ,ym) and X = {x\, ... , xn} for G and Therefore, (p(v, b) can be thought of as a map from Avtp to L^p . This map will be the main ingredient in our construction. We want to show that each Mv(p/M.vq> is isomorphic to the sum of exactly 7(k/p; v) copies of hvtp . The idea is to reduce the case over Z (whence the case over every R) to the case over Q, where the result is known to be true (cf., e.g., [10, §0.3; 9] ).
Combinatorially, 7(k/p; u) is the number of standard tableaux of shape k/v , filled with p.\ copies of 1, p2 copies of 2, #3 copies of 3, etc., such that the associated word (formed by listing all entries from bottom to top in each column, starting from the leftmost column) is a lattice permutation (cf. [5, §1] ).
To the above standard tableaux of shape k/v, one can associate in a oneto-one way 7(k/p; v) elements of B(k/v), thus obtaining a subset B'(k/v) of B(k/v) such that \B'(k/v)\ = 7(k/p; v) (cf. [5, §3] ). [5, §3] .
